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(54) Abstract Title 

Monitoring corrosion rate 

(57) The rate of corrosion of an active metallic element 1 is measured using a reference element 2 and a 
reference resistor 9. The voltages across the elements 1 A9 are measured by amplifiers I0,n,l2 with a current 
source 8 both off and on, and the digitised values are used by a microprocessor 16 to calculate the resistance 
ratio of elements 1 and 2, corrected by a ratio Indicative of the temperature of the reference element 2. The 
microprocessor uses a neural network algorithm. The corrected ratio Is used to calculate the thickness of the 
active element 1 and deduce its corrosion rate. 
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CORROSION MONITORING 

This invention relates to corrosion monitoring. Corrosion causes enormous economic loss 
to industry. The ability to monitor the rate of corrosion allows corrective action to be 
taken. One method used to achieve this is the electrical resistance probe. 

The electrical resistance probe (ER probe) consists of a thin element of metal, the 
resistance of which is measured by suitable instrumentation. As the element corrodes, 
the resistance increases due to the metal loss. The increase in resistance provides a 
measure of the corrosion rate. 

The resistance, r, of an element, of length L, of uniform cross sectional area. A, made of 
material of resistivity R, is given by: 

r=RxL/A 

As the metal of the element corrodes, the cross sectional area. A, is reduced, hence 
increasing the measured resistance. As R and L and width are constant, measuring the 
resistance allows the calculation of the thickness of the probe to be calculated. As metal is 
lost, thickness is reduced, and the resistance increases. 

The resistance changes are small, and the imcertainty of measurement is substantially 
affected by the temperature coefficient of resistivity. 

To overcome this problem, a well-known method is to use a reference element, of a 
similar material, but protected from the corrosive fluids. A ratiometric measurement 
between the reference element and the active sensing element is then taken by the 
instrumentation, yielding a temperature-corrected value related to the corrosion rate. 

Unfortimately, temperature transients can cause short-term differential temperatures 
between the active and reference elements, causing spurious corrosion rates to be 
computed from the basic ratiometric measurement Jn addition, if the reference element 
and active element have slightly different metallurgical properties, there may be a 
difference in resistivity temperature coefficient between the two elements. This will catise 
an erroneous corrosion rate to be calculated at different temperatures, even when the 
temperature of the elements has fully stabilised. 

According to the present invention there is provided a method of corrosion monitoring 
involving the use of a reference, or active, element wherein the absolute temperature of 
the element is sensed. This may be achieved either with a traditional RTD or 
tiiermocouple, or simply measuring the absolute resistance of tiie reference element. 
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The absolute temperature may then be ixsed to apply a secondary correction to calailated 
active probe resistance/ as computed from the basic ratiometric measurement. 

Secondary correction = A. (T-TO) + B dT/ dt 

Where A and B are constants, depending on the probe materials and geometry, T is 
absolute temperature, and dT/dt is the rate of change of temperature with time. 

Of course higher order equations can be used, such as quadratics or cubics in T, and 
second and third derivatives of temperature may be applied. 

The constant. A, is calculated by calibrating the probe, in non-corrosive conditions, at two 
stable temperatures, for example, TO and Tl. If the change in indicated resistance (as 
calculated by the basic ratiometric metfiod, is ddta-r, then 

A = delta-r/(Tl-TO) 

The constant B is calculated by placing the probe in non corrosive conditions in a 
temperature bath with a constant thermal ramp. 

If the change in indicated resistance (as calculated by the bfisic ratiometric method, is 
delta-r, then 

B = delta-r / (dTb/dt) Where dTb/dt is the thermal ramp rate of the calibration bath. 

An alternative method of providing temperature compensation may be achieved by 
carehilly modelling the probe and a typical surrotmding fluid. This is achieved using 
finite element analysis, taking care to duplicate the physical dimensions, and material 
properties, particularly the specific heat capacity and thermal conductivity, of the 
materials, llus model can then be tised to calculate the thermal profile of the active and 
reference elements, and hence the necessary correction to the computed resistance. One 
or more temperature sensors are used to provide inputs to the model 

A further alternative method of providing temperature compensation may be achieved 
by applying "fuzzy logic" or "neural network" computational methods. In this case, the 
neural network (or fuzzy logic) receives one or more temperature inputs and the 
uncompensated ratiometric resistance value, and computes the most appropriate 
temperature correction to the resistance value. The neural network is "trained" by 
placing the probe in non-corrosive temperature baths, and applying a variety of 
temperature ramps and step changes. During this process, the neural network creates a 
set of rules that always outputs a correction factor equal and opposite to tiie error created 
by the temperature conditions. This then enables the netual network to correct the probe 
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for temperature errors tinder real operating conditions. Provided probes are made to 
repeatable dimensions, and of consistent materials, it is possible to "train'' the neural 
network on one probe of a particular type, and apply the resulting rules to other probes 
of a similar t5^e. For the highest level of temperature correction, it is always preferable to 
"train'' the neural network on the exact probe that is going to be used. In some cases, the 
pressure of the process fluid can effect the ratiometric resistance. It is of cottrse possible 
to sense this pressure, and apply this extra input to the neural network to include this 
variable in the training, and correction, process. 

The present invention will now be illustrated by way of example, in which figure 1 shows 
an electrical resistance probe, with active corroding element 1, and reference element 2. 
This probe is connected to electronic instrumentation, via connections 3,4,5,6, and 7. Low 
voltage current source, 8, can be switched on and off by microprocessor 16. When low 
voltage current source 8 is on, current flows through connection 3, elements 1 and 2, 
through connection 7> and through reference resistor 9. Amplifiers 10, 11 and 12 amplify 
the differential voltage across active element 1, reference element 2 and reference resistor 
9 respectively. High-resolution analogue to digital converters, 13, 14, and 15 digitise the 
output of amplifiers 10, 11 and 12 respectively. The microprocessor, 16, collects a set of 
readings from ADCs 13,14 and 15 with the current source, 8 on. Microprocessor, 16, then 
collects a set of readings from AIXs 13,14 and 15 with the current source off- The 
microprocessor can then subtract the "off set of readings from the "on" set of readings, 
to eliminate offsets due to thermal emfs in the wiring and connections. The 
microprocessor averages many sets of readings to improve noise immuiuty. 

The traditional ratiometric measurement of the resistance of the active element,!, divided 
by the resistance of the reference element, 2, is taken by dividing the off-set corrected, 
and averaged values from ADC 13 by ADC 14 ( "ratio A" ) . Furthermore, the resistance 
ratio of the reference element, 2, to the reference resistor, 9 ( "ratio B") , is taken in a 
similar way by dividing results from ADC 14, by ADC 15. This ratio provides the 
resistance of the reference element, which is related to its temperature. As temperature is 
a useful parameter, the microprocessor calculates temperature using a standard linear 
calibration equation 

T = mR + c ( m and c are calibration constants, and R is the resistance ratio ). 

The microprocessor runs a neural network algorithm, that takes the two ratios, ratio A 
and ratio B, and computes a correction factor, that is subtracted from ratio A. This 
corrected ratio is then used to finally calculate the metal thickness of the active element 1. 

The neural network in the microprocessor is initially taught by presenting many different 
temperature transients and slopes to the network in a non-corrosive environment. 



CLAIMS 

1 A method of corrosion monitoring of an active element involving the use of a an 
active element and a reference element similar in form to, and incorporated in a 
network with, the active element and involving the sensing of the absolute 
temperature, or a function thereof, of the reference element. 

2 A method as claimed in Claim 1 wherein the sensing of the absolute temperature 
or a function thereof is imdertaken by way of a resistive temperature device or a 
thermocouple. 

3 A method as claimed in Claim 1 wherein the sensing of the absolute resistance of 
the reference element is by way of low voltage /current source whose operation is 
regulated by way of a microprocessor 

4 A method as claimed in any preceding claim wherein a neural network system is 
used to receive, as input, one or more temperature inputs and a first 
uncompensated resistance value, and to provide for the computation of an 
optimised temperature correction to the first uncompensated resistance value. 

5 A method as claimed in Claim 4 wherein the neiu-al network is initially subjected 
to a variety of temperatures changes (involving ramp or step temperature changes 
or both) in order to establish a thermal profile for the active and/or the refer^ce 
elements. 
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A method as claimed in Claim 1 or Claim 2 wherein the measured absolute 
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temperature or the function thereof is used to apply a secondary correction to a 
calculated active element resistance, as computed from a basic ratiometric 
measurement. 

7 A method as hereinbefore described with reference to the accompanying 
drawings. 
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